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ABSTRACT
Background: Gastropexy is used to correct gastric dilatation volvulus, a disease that usually affects large and giant dogs 
and leads to death in 23.4 - 43% of patients. This study aimed to evaluate the biomechanical traction of 2 gastropexy 
techniques, incisional gastropexy and scarified gastropexy, in 10 dog cadavers. Incisional gastropexy comprises a single 
incision in the abdominal wall and another incision in the stomach wall in the pyloric region followed by simple continu-
ous sutures. The scarification technique creates scarification along the stomach borders of the pexy. Thereby, knowing that 
both techniques are successful, the biomechanical traction of each technique was compared. 
Materials, Methods & Results: A total of 10 animals without defined breed weighing from 6.4 - 43.0 kg were allocated 
into 2 equal groups (GE [scarified gastropexy] and GI [incisional gastropexy]). Incisional gastropexy was performed with 
a simple continuous suture pattern in the GI group and scarified gastropexy with an interrupted simple suture pattern was 
performed in the GE group. Absorbable 2-0 monofilament yarn (polygllecaprone 25) was used for sutures in both groups. 
Rectangular segments of the gastric antrum were collected from the right abdominal wall and from the bottom of the 
stomach at the left abdominal wall, which were subjected to a traction test. The scarification technique was easier, faster, 
and used less surgical sutures than the incisional technique. Both techniques were effective regardless of the site applied, 
with no significant differences. There was a difference in stretching depending on location. 
Discussion: The pathogenesis of gastric dilatation volvulus (GDV) is unknown. However, gas accumulation inside the 
gastric chamber may lead to organ dilation and consequently cause torsion of the cardia region and pyloric antrum, result-
ing in strangulation of blood vessels and nerves. This torsion could cause stomach ischemia followed by organ necrosis if 
early emergency care is not provided. In addition, vessel strangulation my lead to a systemic syndrome resulting in shock. 
The disease presents acute and non-specific clinical signs such as weight loss, vomiting, and abdominal intumescence. 
Patients with risk factors such as reduced gastric motility, delayed stomach replenishment, lower weight, advanced age, 
or presence of a foreign body may present with poor prognosis. Once GDV becomes an emergency, surgical correction 
with the most efficient surgical techniques and procedures is necessary to guarantee patient survival. Based on the results 
obtained, both the scarified and incisional gastropexy techniques are more efficient than other techniques. In addition, the 
scarified technique with interrupted simple stitches stood out when compared to the incisional technique with a continu-
ous simple suture pattern as it was faster and used less suture thread. The incisional technique, on the other hand, provides 
good juxtaposition of the edges of the wounds, avoiding the exposure of muscle tissue, as well as adhesions from other 
organs. The knowledge of those factors promotes positive effects on the effectiveness of an emergency surgical approach 
for patients with GDV, since it allows less surgical time, as well as less anesthetic time. Based on the results obtained dur-
ing the biomechanical traction tests of the study, it was concluded that both scarified gastropexy with interrupted single 
stitches and incisional gastropexy with a continuous single stitch may be efficient. The scarified technique stood out when 
compared to the incisional technique as it required less time and used less sutures.
Keywords: biomechanical assay, surgery, digestive, gastric volvulus dilatation, syndrome, small animal. 
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INTRODUCTION
Gastric dilatation volvulus (GDV) is a severe 
syndrome that is commonly seen in small animal clinics 
[10,11]. It affects large and giant dogs with deep thoraxes 
and is rarely observed in small dogs or cats [5]. Although 
its etiopathogenesis is poorly understood, gastropexy is 
a treatment to prevent the recurrence of torsion [7,16].
Gastropexy for GDV consists of replacement 
and fixation of the stomach in a location anatomi-
cally compatible with its original position through 
permanent adhesion of the pyloric antrum to the right 
abdominal wall to prevent recurrence of GDV [9].
Gastropexy is also performed in cases of gas-
troesophageal intussusception, which is often confused 
with esophageal hiatus hernia [16]. The cause is gen-
erally unknown but is associated with irritability and 
hypermotility of the digestive tract and the concomitant 
presence of hiatus herniation [15]. Various gastropexy 
techniques, such as incisional, tube, circumcostal, 
muscle fold, belt loop, gastrocolopexy, and laparo-
scopic, have been reported in the literature [15,16].
Although the scarification gastropexy technique 
is not common in the literature, it is used by many veteri-
nary surgeons. Furthermore, no reports of traction tests for 
any gastropexy technique, including the classic incisional 
technique of gastropexy, were found in the literature.
The aim of this study was to evaluate traction 
resistance with the incisional and scarification gastro-
pexy techniques in 10 dog cadavers to provide more 
information on surgical techniques for GDV correction. 
MATERIALS AND METHODS
Animals
A total of 10 dog cadavers without defined 
breed weighing from 6.4 - 43.0 kg, between 5 - 10 
years of age, were allocated into 2 groups (GI and GE). 
In the GI group, incisional gastropexy with a simple 
continuous suture pattern was performed, and in the GE 
group, scarified gastropexy with an interrupted simple 
suture pattern was performed. The two techniques were 
performed in the pylorus antrum region (fixed to the 
right abdominal wall) and in the fundic region (fixed 
to the left abdominal wall) in all animals. At the end of 
the experiment, there was an equal distribution between 
the techniques and the position of the gastropexy. 
All dogs were obtained from veterinary clinics 
in Maringá, and their former guardians had previously 
authorized their use by the University Center - Unguay. 
The incisional gastropexy technique was performed with 
a standardized incision of 3 cm in the seromuscular layer 
of the stomach and another in the lateral abdominal wall, 
thus exposing the peritoneum and the internal fascia of 
the abdominal transverse muscles [9]. It is noteworthy 
that the size of the incision made in the abdominal wall 
was equivalent to that made in the antrum or gastric 
fundus. The edges of the incisions were sutured with 
absorbable 2-0 monofilament yarn (polyglecaprone 25)¹ 
in a single continuous double pattern (Figure 1).
Incisional and scarification techniques 
In the GE group, scarification was performed in 
the pyloric antrum or gastric fundus (3 cm in diameter) 
and in the abdominal wall (3 cm in diameter) [Figure 
2]. For coaptation of these two structures, three simple 
interrupted stitches were made with absorbable 2-0 
monofilament yarn (poliglecaprone 25)¹. 
After performing the surgical techniques, 
rectangular segments (10 cm × 5 cm) of the gastric 
antrum were collected from both groups from the right 
abdominal wall and the bottom of the stomach at the 
left abdominal wall. Samples were frozen for storage 
until all techniques were done.
Samples were thawed at room temperature, 
their thicknesses were measured using a caliper, and 
they were subjected to a traction test using a tensiom-
eter (EMIC 23-5D)². Data was recorded using Tesc² 
software regarding the force required to tear each 
sample (Figure 3). 
Tests were performed at the Iguatemi Experi-
mental Farm (FEI) located on the campus of the State 
University of Maringá. All samples were evaluated on 
the same day in the traction machine to avoid possible 
variations in the calibration of the apparatus. 
The experiment was designed to be entirely 
randomized in a 2 × 2 factorial scheme, where the two 
techniques of gastropexy were performed. The data were 
normally distributed (Shapiro-Wilk test; P ≤ 0.05) and 
homoscedasticity of variances was confirmed (Levene’s 
test; P ≤ 0.05) before analysis of variance (ANOVA). 
Statistical analysis
The data were compared by ANOVA at the 5% 
significance level by the F test. Comparison of means 
was performed by t-test for variables with significant 
F values at a 5% significance level. These analysis 
were performed using Sisvar [4] software version 5.3.
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Figure 1. Incisional gastropexy technique with continuous simple suture 
pattern. Note that the first line of the continuous suture has already been 
performed.
Figure 2. Scarified gastropexy technique with interrupted simple 
suture pattern. Note the presence of the scarified technique in the 
pyloric region.
Figure 3. Tensile test on the EMIC 23-5D tensiometer.
RESULTS
Greater ease of surgery, faster execution, and 
less surgical sutures were associated with the scarifica-
tion technique. In the incisional technique, the great-
est advantage was the good coaptation of the wound 
edges, avoiding the exposure of muscle tissue of both 
the stomach and the abdominal wall to the abdominal 
cavity. The traction test values for each sample are 
described in Table 1. 
There was no interaction (P > 0.05) between 
the gastropexy technique (scarified or incisional) and 
application site (background or pylorus) for variables 
related to traction biomechanics evaluated in this study. 
Traction was not influenced (P > 0.05) by 
the technique used or by the application site (Table 
2), presenting an overall mean (mean ± standard 
deviation [SD]) of 2.3 ± 1.17 N/mm2. Similarly, the 
maximum force was not influenced (P > 0.05) by 
the gastropexy technique or by the application site, 
presenting an overall mean (mean ± SD) of 31.4 ± 
11.19 N.
The gastropexy technique did not influence (P 
> 0.05) stretching (expressed as a percentage). How-
ever, a difference (P < 0.05) in stretching was observed 
depending on the application site. When the techniques 
were applied to the background, the elongation was 
greater (P < 0.05) than when applied to the pylorus. 
Deformation was not influenced (P > 0.05) by 
the technique used or by the application site (Table 
2), presenting an overall mean (mean ± SD) of 44.3 
± 14.02 mm. 
Table 1. Absolute values of the points of rupture of each sample.  
Background Pylorus
Scarified Incisional Incisional Scarified
Sample N/mm² Sample N/mm² Sample N/mm² Sample N/mm²
01 1.73 02 1.21 01 2.22 02 3.80
03 1.76 04 2.96 03 1.81 04 1.90
05 1.60 06 3.07 05 2.06 06 3.50
07 2.50 08 5.00 07 3.63 08 0.50
09 2.66 10 1.71 09 1.50 10 0.48
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Table 2. Averages with standard deviations for all variables evaluated in the comparison between gastropexy techniques and its place 







Scarified 2.1 ± 0.49 1.9 ± 1.48 2.0 ± 1.04
Incisional 2.8 ± 1.47 2.2 ± 0.82 2.5 ± 1.15 50.93
Average 2.4 ± 1.10 2.1 ± 1.14 2.3 ± 1.17
Maximum force (Newton)
Scarified 27.6 ± 9.81 26.0 ± 12.80 26.8 ± 10.79
Incisional 40.0 ± 15.06 31.8 ± 3.56 35.9 ± 11.18 35.66
Average 33.8 ± 13.65 28.9 ± 9.37 31.4 ± 11.19
Elongation (%)
Scarified 67.2 ± 25.96 49.6 ± 20.42 58.4 ± 23.90
Incisional 98.2 ± 15.12 60.4 ± 28.15 79.3 ± 29.17 33.38
Average 82.7 ± 25.85* 55.0 ± 23.87* 68.9 ± 23.00
Deformation (mm)
Scarified 40.0 ± 15.79 41.4 ± 20.30 40.7 ± 17.17
Incisional 58.6 ± 8.96 45.6 ± 10.99 52.1 ± 11.67 31.65
Average 40.7 ± 17.17 43.5 ± 15.55 44.3 ± 14.02
Significant differences by t test are highlighted with asterisks (P < 0.05).
DISCUSSION
There are four phases of wound repair: hemo-
stasis, acute inflammation, proliferation, and remodel-
ing. Hemostasis occurs immediately after the injury, 
unless there is any coagulation disorder or extra factors 
[14]. Thus, even in a study in cadavers, the evaluation 
of traction can be useful to evaluate the best technique 
for sustaining the stomach in initial periods, in which 
there is still no wound healing. 
In the present study, the incisional and scari-
fied techniques were applied simultaneously in the 
same animal in an alternate and random manner. This 
was done to attenuate possible influences on the ex-
periment, since the thicknesses of each sample may 
present considerable differences. This was determined 
to be the case as the force required for the rupture of 
each sample was significant (Table 1). In addition, it 
promoted greater standardization of samples. 
Post mortem bacterial metabolism and the dis-
solution of animal tissue results in the production of 
alterations in color and texture, besides exerting direct 
or indirect influence on the process of establishment 
and resolution of rigor mortis [3].
Post mortem microbiome succession is a 
foreseeable and time-dependent process resulting in 
predictable changes in internal organ microbiomes.
In addition, low environmental temperatures 
or refrigeration inhibit autolysis and freezing induces 
the formation of intracellular and extracellular ice 
crystals, promoting the disruption of tissues and cells 
[6]. However, because this was a comparative study of 
two techniques in the same animals and under the same 
conditions, freezing does not reduce the credibility of 
the presented results.
Scarified gastropexy enabled greater speed 
during the procedure when compared to incisional 
gastropexy. This is due to the fact that only three single 
interrupted stitches were used during the execution of 
the scarified technique when compared to the double-
layer suture made in a continuous single pattern in the 
incisional gastropexy technique. In addition, during the 
execution of the scarified technique, less suture thread 
was used compared to the incisional technique. These 
factors (speed of execution and lower consumption of 
sutures) would certainly have positive effects in the 
surgical routines of clinics and veterinary hospitals, as 
surgery would become less expensive due to decreases 
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in use of materials, including anesthesia. In addition, 
it may be favorable to maintain less foreign material 
in the surgical wound [9].
Different sutures for laparoscopic incisional 
colopexy in dogs (3-0 polyglactin thread and polypro-
pylene) do not show significant differences in total sur-
gical time [1,2]. However, the scarification technique 
was easier to perform and took less time and surgical 
sutures compared to the incisional technique. 
In the incisional technique, the greatest ad-
vantage was the good coaptation of the wound edges, 
avoiding the exposure of muscle tissue from both the 
stomach and abdominal wall to the abdominal cav-
ity. The best juxtaposition observed in the incisional 
technique certainly avoids the occurrence of unwanted 
adhesions of adjacent organs in the exposed muscle 
tissue. Visceral-parietal adhesions are common in the 
reconstruction of iatrogenic defects of the abdominal 
wall of rats [8].
In the present study, it was observed that in 
the traction area, both the scarified technique and 
the incisional technique seem effective, regardless 
of application to the pylorus or fundus, as there were 
no significant differences. However, no studies have 
described the minimum strength necessary for a gas-
tropexy to be effective. 
Considering the results in the present study, it 
is necessary to emphasize that patient survival depends 
not only on the surgical technique, but also on admis-
sion time and when surgery is performed [13]. 
When comparing two tendon-suturing tech-
niques [12], it was found that the stitch in the “Loop” 
presented a significantly greater mean maximum rup-
ture force than the stitch in “X”. On the other hand, the 
results obtained in this study show that the maximum 
force not influenced by the gastropexy technique or by 
the region to which it was applied. 
Elongation also had no influence, since the 
technique itself does not have the capacity to promote 
physical and chemical changes in the tissues to which 
they were applied. On the other hand, in the statistical 
analysis, it became evident that elongation was influ-
enced depending on where the technique was applied: 
the elongation was greater when the techniques were 
applied in the background than when applied in the 
pylorus. It is very likely that the difference found in 
elongation is related to the characteristics of the gastric 
regions. This should not directly affect the choice of 
technique, since the position of the stomach that will 
undergo gastropexy correlates with the initial condition 
and not with the choice of the surgeon [9].
In this research, neither the technique used 
(scarified or incisional) nor the place of application 
promoted significant differences in deformation.
CONCLUSIONS
Based on the results obtained during the bio-
mechanical traction tests of the study, it was concluded 
that both scarified gastropexy with interrupted single 
stitches and incisional gastropexy with a continuous 
single stitch may be efficacious. The scarified tech-
nique stood out when compared to the incisional 
technique as it required less time and used less sutures.
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